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Abstract
Background: Understanding the regulatory processes that coordinate the cascade of gene
expression leading to male gamete development has proven challenging. Research has been
hindered in part by an incomplete picture of the regulatory elements that are both characteristic
of and distinctive to the broad population of spermatogenically expressed genes.
Description: K-SPMM, a database of murine Spermatogenic Promoters Modules and Motifs, has
been developed as a web-based resource for the comparative analysis of promoter regions and
their constituent elements in developing male germ cells. The system contains data on 7,551 genes
and 11,715 putative promoter regions in Sertoli cells, spermatogonia, spermatocytes and
spermatids. K-SPMM provides a detailed portrait of promoter site components, ranging from broad
distributions of transcription factor binding sites to graphical illustrations of dimeric modules with
respect to individual transcription start sites. Binding sites are identified through their similarities
to position weight matrices catalogued in either the JASPAR or the TRANSFAC transcription
factor archives. A flexible search function allows sub-populations of promoters to be identified on
the basis of their presence in any of the four cell-types, their association with a list of genes or their
component transcription-factor families.
Conclusion: This system can now be used independently or in conjunction with other databases
of gene expression as a powerful aid to research networks of co-regulation. We illustrate this with
respect to the spermiogenically active protamine locus in which binding sites are predicted that
align well with biologically foot-printed protein binding domains.
Availability: http://klab.med.wayne.edu/kspmm/
Background
K-Means and hierarchical clustering analyses are increas-
ingly used in microarray studies to reveal correlated
expression between groups of genes. Through time-series
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experiments, regimes of co-expression and regulatory cas-
cades have been described. Nonetheless, determining the
mechanistic relationship underlying co-regulation has not
been trivial. The subtle interplay of systems controlling
expression makes hidden variable models attractive to the
analyst but ultimately problematic for the biologist seek-
ing verifiable pathways. Studies of co-regulation have
been most effective in bridging this gap when gene expres-
sion data has been used in conjunction with data describ-
ing transcription factor specificity. The approach allows
the agents and outcomes of regulation to be explicitly con-
nected [1].
Transcriptional mechanisms regulating expression are
currently thought to include binary differentiating sys-
tems that potentiate chromatin for transcription as well as
a scalar mechanism that determines the extent and prod-
ucts of expression. The binding of transcription factors
within critically defined promoter regions is thought to be
a class of scalar regulation that initiates transcription only
after binary control mechanisms have potentiated the
chromatin locus [2]. Reverse engineering systems of co-
regulation using arrays alone has been complicated by the
morphological complexity of the sites to which transcrip-
tion factors bind in these regions. These occur as higher
order compound modules where an assortment of agonis-
tic interactions can occur between transcription factors
binding at different constituted locations. The compila-
tion of detailed maps covering the functionally active ele-
ments in any given cell type can be aided by mapping
sequence conservation between species. In this research
the progression of germ cells of mouse and four other ver-
tebrates (rat, dog, chicken and human) through sperma-
togenesis show a sufficiently similar development to
make conservation a useful indicator of sequence signifi-
cance.
The differentiation of cells in the testes occurs continu-
ously in adult mice through the serial interplay of gene
expression that affects approximately one third of the
genome. This includes an estimated 4% of genes that are
uniquely expressed during spermatogenesis [3]. Sperma-
togenesis begins amongst spermatogonia immersed
within a population of Sertoli 'nurse' cells. Spermatogonia
mature through spermatocytogenesis into spermatocytes
towards an extended meiotic division. Subsequently,
post-meiotic round spermatids are formed that differenti-
ate to attain species-specific elongated spermatozoa. This
well characterised serial differentiation [4-6] makes the
cells well-suited for the study of gene expression with
respect to promoter structure. The software outlined in
this communication, K-SPMM (Krawetz-Lab database of
Spermatogenic Promoters Modules &Motifs), provides
online access to a suite of promoter structure-based ana-
lytical tools. This employs a database of known transcrip-
tional control elements as an in-silico discovery tool that is
targeted to the promoter regions of a set of testes
expressed genes that regulate male germ cell differentia-
tion.
Construction & content
A dataset of spermatogenically active genes was gathered
from nine NCBI published cDNA libraries [7] and
accessed on or before December 25th, 2005. The libraries,
representing four major cell-types found within the testes,
were selected as follows: Sertoli (lib#-12732, 11283),
spermatogonia (lib#-6789, 6788, 11285), spermatocytes
(lib#-6787, 11284, 11128) and spermatids (lib#-6786).
Their respective promoter sequences were downloaded
from mm5 genome build of DBTSS, the DataBase of Tran-
scription Start Sites [8] and were used to generate the three
K-SPMM databases. These databases describe murine pro-
moter location, Transcription Factor Binding Site (TFBS)
distribution and the location of putative homo or hetero-
dymeric transcription-factor modules. This data was
enhanced with a per-base conservation score relative to
four vertebrate genomes hg17, rn3, canFam1 and galGal2
obtained from the UCSC archive of phastCons scores [9]
that were averaged on a per-module basis.
The promoter location database contains the many-to-
one mapping of 11,715 potential promoter regions with
the 7,551 genes in the cDNA libraries. Each DBTSS pro-
moter sequence contains a 1 kb upstream sequence from
each Transcription Start Site (TSS) described. Analysis of
the 200 bp sequence downstream from TSS is available as
an optional element. Annotation of the genes associated
with each promoter was extracted from NIH DAVID 2.1
[10]. The TFBS population within each promoter is gener-
ated based on the models described in JASPAR [11] and
Transfac [12]. JASPAR models are the default selection.
These are derived from 81 biologically verified PWMs,
Position Weight Matrices matched with a lower threshold
p value of 0.98 for a match. This yields 422,027 TFBSs for
the 11,715 promoters, with an average of 36 binding sites
per promoter. Transfac models are available as an alterna-
tive. They include 236 PWMs derived from mouse, rat and
human matched to promoter regions with a lower thresh-
old p value of 0.96. The lower threshold of detection (p
value) is adjusted for each database to qualitatively reflect
differences in PWM design. These include length and spe-
cificity of matrices. Matrix matching is reported in con-
junction with TFBS family data in order to identify a
specific TFBS family member. The Transfac option is cur-
rently available as a beta version, extending the range and
specificity of the binding motifs contained within JASPAR.
Nonetheless while the response elements of generic tran-
scription factors are now well represented neither data-
base is as yet fully complete with respect to the binding
BMC Bioinformatics 2006, 7:238 http://www.biomedcentral.com/1471-2105/7/238
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sequence of those transcription factors that have been
shown to direct spermatogenesis.
Transcription factor binding sites were then refined and
combined on the basis of distance metrics [13]. This iden-
tified 217,554 potential multi-TFBS module sites using
the transcription factor combinations from JASPAR mod-
els and 593,094 module sites from the Transfac models.
Each module is named to reflect the binary combination
of its component transcription factor families. For exam-
ple, ZBPF-ETSF identifies a module combining a zinc-
binding protein factor site and a murine ETS1 factor bind-
The system user-interface designFigure 1
The system user-interface design. Panels [A-H] show the data available through a typical search strategy.
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ing site. Not all possible modules were discovered. Using
the JASPAR matrices, only 1,588 of approximately 6,500
possible binary modules were mapped.
The system is executed as a JSP application within a
Jakarta Tomcat framework with SQL queries directed to a
local MySQL database.
Utility
As shown in Fig. 1, K-SPMM is designed to assist the user
in rapidly characterizing sub-populations of differentially
partitioned promoter elements. Through an initial query
(Fig. 1A) the user identifies promoter elements common
to, excluded from or exclusive to any of the 4 cell-types.
Alternatively the system can be queried to search for pro-
moters associated with a defined list of genes or specific
TFBS families. These points of initiation can be combined
to identify promoters that exhibit similar TFBS compo-
nents, gene association and expression in a given cell-
type. Search results can be presented as a function of
matching promoters (Fig. 1B), matching modules (Fig.
1C) or matching TFBSs (Fig. 1D), thus facilitating inquiry
from any of the analytical perspectives. Additional infor-
mation describing the locations of the modules relative to
the TSS, as well as the distribution of the transcription fac-
tors as a function of cell type is provided (Fig. 1E–H). A
The module output for the promoter region of Protamine 2Figure 2
The module output for the promoter region of Protamine 2. The graphical output for Transfac PWMs is shown above the 
graphical and tabular output for JASPAR in which one potential binding domain has been highlighted. Regions noted as 1–5 have 
been added and correspond to the location of in vitro protected foot-printed sites proximate to the TSS [23]. An alternate rep-
resentation of sequence conservation within the domain has been included from the vertebrate conservation track from the 
UCSC Genome Browser. This illustrates more fully the extent of alignment between conserved nucleotides and the predicted 
binding sequences, as such it is similar to the conservation data tabulated for four comparator species in the evidence table.
BMC Bioinformatics 2006, 7:238 http://www.biomedcentral.com/1471-2105/7/238
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promoter map shows the locations of modules alongside
the level of module conservation (Fig. 2). Internal links
are provided to further refine the promoter regions based
upon shared components while external links are pro-
vided to NCBI and DBTS databases to contextualise the
genomic locations discovered. Data from any of the sys-
tem's components can be viewed online or downloaded
as Excel, XML or delimited files.
Discussion
The response of the genome to spermatogenic differentia-
tion is global, affecting the expression of approximately
one third of its genes. Many of these genes are expressed
as tissue specific isoforms [3] or are derived from the use
of alternative promoters [14]. Their expression is coordi-
nated through the use of a suite of spermatogenic-variants
of general transcriptional factors. Examples include,
TFIIA-tau, the testis-specific transcription factor IIA [15],
TAF, the TBP-associated factor [16], TRF2, the TBP-related
factor 2 [17], TAF7L a paralog of transcription factor TFIID
subunit [18] and ATF, the TFIIA alpha/beta-like factor
[19]. Several non germ-cell specific factors like TBP, the
TATA-binding protein, TFIIB and RNA polymerase II,
accumulate to a greater extent in germ cells than they do
in any other somatic cell type [20]. Together, these prop-
erties of the spermatogenic system provide a unique
model to dissect the complex and unique regulatory tran-
scription factor mechanistic network that governs the
expression of male germ cells.
The protamine locus provides a key example of a gene
cluster that is active in the latter spermiogenic phase of
spermatogenesis. It contains both protamine genes (Prm1
& Prm2) required for the successful repackaging of nuclear
DNA into the spermatozoon nucleus as well as one of the
condensation enabling genes (Tnp2). The coordinate reg-
ulation of this locus has been widely investigated [21-31].
Upstream promoter regions of the genes have been anno-
tated for their conservation and potential for transcription
factor binding [32] including DNAse-1 footprinted
regions indicative of protein binding sites [23].
Exploring each gene in turn with respect to predictions
made by the K-SPMM system and restricting our analysis
to those regions that have also been annotated reveals
much of biological interest. Prm2 has three potential
binding domains as determined by DNAse-1 footprinting
in the annotated region. Transfac predictions were
observed in all 3 binding domains and in two of the three
regions using JASPAR models (Fig. 2). These included the
SRY (5' AACAAT 3') binding site that has been previously
reported [32] as well as YY1 & GATA1 (5' CCAT 3' & 5'
ACAATGA 3') binding sites. It is noteworthy that several
YY1-GATA1 modules were also identified in more distal
protected and conserved regions.
One of the few sites identified in the upstream region of
the Tnp2 gene was YY1. This reflects the lack of candidate
factors that were identified in sufficiently close proximity
to form an active dimeric. Nevertheless, where biological
evidence suggests a region of interest, it is possible (Fig. 1-
F) to manually examine all binding factors for candidate
modules.
In the 200 bp upstream region of Prm1 three potential
modules are reported using the JASPAR PWMs. The first
S8-GATA module has moderate 20 to 40 percent conser-
vation relative to four comparator organisms and overlaps
a region highlighted in the annotation as having a poten-
tial for TFBS binding. More interestingly, at approximately
87 bp upstream of TSS lies a moderately conserved YY1
doublet (5' CCAT 3'/5' ATGG 3') overlapping on opposite
strands and paired with a third YY1 site located 20 bp fur-
ther upstream. This places all three YY1 elements within
the 113 bp upstream region required for Prm1 expression
[28], with the second YY1 element within the -110 to -150
region determined to be necessary for testis specific
expression. The YY1 element, while ubiquitous, is one of
the known factors to be found upstream of a considerable
number of spermiogenic genes [33]. Transfac predictions
supported the JASPAR predictions with some differences
in nomenclature noted.
CREM, the cAMP Response Element Modulator that
directly binds to CRE, has been widely implicated for its
role in spermiogenesis. CREM deficient mice arrest sper-
matogenesis at the early round spermatid stage [34], with
the gene structure and function of CREM notably con-
served between mouse and man [35]. In somatic cells,
activation by CREM requires phosphorylation of Ser117
and interaction with CBP, the ubiquitous CREB-Binding
Protein co-activator. By contrast, the transcriptional activ-
ity of CREM in testes is controlled through its interaction
with ACT, the tissue-specific Activator of CREM in Testis
[36,37] that is regulated by the testis-enriched kinesin
KIF17b [38]. Interestingly, CREMtau binding sites have
been identified upstream of PRM1 and PRM2[32] and in
conjunction with the GCNF response element [21] but
these occur only as half-site CRE motifs with several mis-
matches to the core consensus sequence. The current
implementation of the software employs a rigorous
approach to PWM matching to minimize reporting false-
positive candidates. Accordingly, although CREMtau sites
are of interest, they are examples of candidate sites that in
the current system fall below the binding confidence cri-
teria.
Conclusion
Together these results show that the use of transcription
factor colocalization in conjunction with conservation as
implemented in the K-SPMM promoter discovery tool
BMC Bioinformatics 2006, 7:238 http://www.biomedcentral.com/1471-2105/7/238
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yield potential sites of transcription factor binding that are
biologically well validated. In testing the system, we noted
the presence of the YY1 response element in the upstream
regions of all three genes in the protamine domain that
has been associated with a sterol response element bind-
ing protein that regulates proacrosin, another haploid
expressed gene. [39]. The developmentally significant
GATA family of elements were also over-represented in
biologically significant locations in two of the three genes.
This illustrates well how K-SPMM can be used to inform
the process of biological validating functional binding
elements.
Abbreviations
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PWM Position Weight Matrix
TFBS Transcription Factor Binding Site
Transfac The Transcription Factor Database [44]
TSS Transcription Start Site
UCSC Genome Browser University of California Genome
Browser [45]
Authors' contributions
YL developed the final version of the JSP codebase and
constructed the SQL database. AEP coordinated the bioin-
formatic investigation leading to the data used in the sys-
tem. GCO provided biological context and guidance
during the initial phase of system development. SAK orig-
inated the concept and supervised its design and imple-
mentation. The manuscript was drafted by AEP and SAK
with the input and approval of all authors.
Acknowledgements
The authors gratefully acknowledge the Michigan Economic Development 
Corporation and the Michigan Technology Tri-corridor for the support of 
this program by grant 085P1000819 along with NICHD grant HD36512 to 
SAK. Wayne State University GRA support and support from NSF grant 
0234806 is gratefully acknowledged. Programming support from Dawei 
Wang and Brian Fayz from the WSUMCBI node is gratefully appreciated.
References
1. Blader IJ, Manger ID, Boothroyd JC: Microarray analysis reveals
previously unknown changes in Toxoplasma gondii-infected
human cells.  J Biol Chem 2001, 276:24223-24231.
2. Martins RP, Krawetz SA: Towards understanding the epigenet-
ics of transcription by chromatin structure and the nuclear
matrix.  Gene Therapy and Molecular Biology 2005, 9:229-246.
3. Schultz N, Hamra FK, Garbers DL: A multitude of genes
expressed solely in meiotic or postmeiotic spermatogenic
cells offers a myriad of contraceptive targets.  Proc Natl Acad
Sci U S A 2003, 100:12201-12206.
4. Intano GW, McMahan CA, Walter RB, McCarrey JR, Walter CA:
Mixed spermatogenic germ cell nuclear extracts exhibit high
base excision repair activity.  Nucleic Acids Res 2001,
29:1366-1372.
5. McCarrey JR: Spermatogenesis as a model system for develop-
mental analysis of regulatory mechanisms associated with
tissue-specific gene expression.  Semin Cell Dev Biol 1998,
9:459-466.
6. Shima JE, McLean DJ, McCarrey JR, Griswold MD: The murine tes-
ticular transcriptome: characterizing gene expression in the
testis during the progression of spermatogenesis.  Biol Reprod
2004, 71:319-330.
7. NCBI Unigene   [http://www.ncbi.nlm.nih.gov/UniGene/
info_ddd.html]
8. Suzuki Y, Yamashita R, Sugano S, Nakai K: DBTSS, DataBase of
Transcriptional Start Sites: progress report 2004.  Nucleic
Acids Res 2004, 32:D78-81.
9. Siepel A, Bejerano G, Pedersen JS, Hinrichs AS, Hou M, Rosenbloom
K, Clawson H, Spieth J, Hillier LW, Richards S, et al.: Evolutionarily
conserved elements in vertebrate, insect, worm, and yeast
genomes.  Genome Res 2005, 15:1034-1050.
10. Dennis G Jr, Sherman BT, Hosack DA, Yang J, Gao W, Lane HC, Lem-
picki RA: DAVID: Database for Annotation, Visualization, and
Integrated Discovery.  Genome Biol 2003, 4:P3.
11. Sandelin A, Alkema W, Engstrom P, Wasserman WW, Lenhard B:
JASPAR: an open-access database for eukaryotic transcrip-
tion factor binding profiles.  Nucleic Acids Res 2004, 32:D91-94.
12. Wingender E, Dietze P, Karas H, Knuppel R: TRANSFAC: a data-
base on transcription factors and their DNA binding sites.
Nucleic Acids Res 1996, 24:238-241.
13. Quandt K, Frech K, Karas H, Wingender E, Werner T: MatInd and
MatInspector: new fast and versatile tools for detection of
consensus matches in nucleotide sequence data.  Nucleic Acids
Res 1995, 23:4878-4884.
14. Sassone-Corsi P: Unique chromatin remodeling and transcrip-
tional regulation in spermatogenesis.  Science 2002,
296:2176-2178.
15. Ozer J, Moore PA, Lieberman PM: A testis-specific transcription
factor IIA (TFIIAtau) stimulates TATA-binding protein-
DNA binding and transcription activation.  J Biol Chem 2000,
275:122-128.
16. Freiman RN, Albright SR, Zheng S, Sha WC, Hammer RE, Tjian R:
Requirement of tissue-selective TBP-associated factor
TAFII105 in ovarian development.  Science 2001,
293:2084-2087.
17. Martianov I, Brancorsini S, Gansmuller A, Parvinen M, Davidson I, Sas-
sone-Corsi P: Distinct functions of TBP and TLF/TRF2 during
spermatogenesis: requirement of TLF for heterochromatic
chromocenter formation in haploid round spermatids.  Devel-
opment 2002, 129:945-955.
18. Pointud JC, Mengus G, Brancorsini S, Monaco L, Parvinen M, Sassone-
Corsi P, Davidson I: The intracellular localisation of TAF7L, a
paralogue of transcription factor TFIID subunit TAF7, is
developmentally regulated during male germ-cell differenti-
ation.  J Cell Sci 2003, 116:1847-1858.
19. Han SY, Zhou L, Upadhyaya A, Lee SH, Parker KL, DeJong J: TFIIAal-
pha/beta-like factor is encoded by a germ cell-specific gene
whose expression is up-regulated with other general tran-
scription factors during spermatogenesis in the mouse.  Biol
Reprod 2001, 64:507-517.
20. Schmidt EE, Schibler U: Developmental testis-specific regula-
tion of mRNA levels and mRNA translational efficiencies for
TATA-binding protein mRNA isoforms.  Dev Biol 1997,
184:138-149.
Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Bioinformatics 2006, 7:238 http://www.biomedcentral.com/1471-2105/7/238
Page 7 of 7
(page number not for citation purposes)
21. Hummelke GC, Cooney AJ: Reciprocal regulation of the mouse
protamine genes by the orphan nuclear receptor germ cell
nuclear factor and CREM tau.  Molecular Reproduction and Devel-
opment 2004, 68:394-407.
22. Yiu GK, Hecht NB: Novel testis-specific protein-DNA interac-
tions activate transcription of the mouse protamine 2 gene
during spermatogenesis.  Journal of Biological Chemistry 1997,
272:26926-26933.
23. Ha H, vanWijnen AJ, Hecht NB: Tissue-specific protein-DNA
interactions of the mouse protamine 2 gene promoter.  Jour-
nal of Cellular Biochemistry 1997, 64:94-105.
24. JungHa HS: Binding of phosphoproteins to the regulatory
region of the mouse protamine 2 promoter.  Molecules and Cells
1996, 6:221-224.
25. Nikolajczyk BS, Murray MT, Hecht NB: A Mouse Homolog of the
Xenopus Germ Cell-Specific Ribonucleic-Acid Deoxyribonu-
cleic Acid-Binding Proteins P54/P56 Interacts with the Pro-
tamine 2 Promoter.  Biology of Reproduction 1995, 52:524-530.
26. Zambrowicz BP, Palmiter RD: Testis-Specific and Ubiquitous
Proteins Bind to Functionally Important Regions of the
Mouse Protamine-1 Promoter.  Biology of Reproduction 1994,
50:65-72.
27. Queralt R, Oliva R: Identification of Conserved Potential Reg-
ulatory Sequences of the Protamine-Encoding P1-Genes
from 10 Different Mammals.  Gene 1993, 133:197-204.
28. Zambrowicz BP, Harendza CJ, Zimmermann JW, Brinster RL,
Palmiter RD: Analysis of the Mouse Protamine-1 Promoter in
Transgenic Mice.  Proceedings of the National Academy of Sciences of
the United States of America 1993, 90:5071-5075.
29. Nikolajczyk BS, Murray MT, Hecht NB: Mouse Homologs to
Xenopus DNA-Binding Proteins Interact with the Testis-
Specific Mouse Protamine-2 Promoter.  Journal of Cellular Bio-
chemistry 1993:86-86.
30. Tamura TA, Makino Y, Mikoshiba K, Muramatsu M: Demonstration
of a Testis-Specific Trans-Acting Factor Tet-1 Invitro That
Binds to the Promoter of the Mouse Protamine-1 Gene.  Jour-
nal of Biological Chemistry 1992, 267:4327-4332.
31. Johnson PA, Bunick D, Hecht NB: Protein-Binding Regions in the
Mouse and Rat Protamine-2 Genes.  Biology of Reproduction 1991,
44:127-134.
32. Wykes SM, Krawetz SA: Conservation of the PRM1 --> PRM2 --
> TNP2 domain.  DNA Seq 2003, 14:359-367.
33. Schulten HJ, Nayernia K, Reim K, Engel W, Burfeind P: Assessment
of promoter elements of the germ cell-specific proacrosin
gene.  J Cell Biochem 2001, 83:155-162.
34. Nantel F, Monaco L, Foulkes NS, Masquilier D, LeMeur M, Henriksen
K, Dierich A, Parvinen M, Sassone-Corsi P: Spermiogenesis defi-
ciency and germ-cell apoptosis in CREM-mutant mice.
Nature 1996, 380:159-162.
35. Masquilier D, Foulkes NS, Mattei MG, Sassone-Corsi P: Human
CREM gene: evolutionary conservation, chromosomal local-
ization, and inducibility of the transcript.  Cell Growth Differ
1993, 4:931-937.
36. Fimia GM, De Cesare D, Sassone-Corsi P: CBP-independent acti-
vation of CREM and CREB by the LIM-only protein ACT.
Nature 1999, 398:165-169.
37. Kotaja N, De Cesare D, Macho B, Monaco L, Brancorsini S, Goossens
E, Tournaye H, Gansmuller A, Sassone-Corsi P: Abnormal sperm
in mice with targeted deletion of the act (activator of cAMP-
responsive element modulator in testis) gene.  Proc Natl Acad
Sci U S A 2004, 101:10620-10625.
38. Macho B, Brancorsini S, Fimia GM, Setou M, Hirokawa N, Sassone-
Corsi P: CREM-dependent transcription in male germ cells
controlled by a kinesin.  Science 2002, 298:2388-2390.
39. Wang H, San Agustin JT, Witman GB, Kilpatrick DL: Novel role for
a sterol response element binding protein in directing sper-
matogenic cell-specific gene expression.  Mol Cell Biol 2004,
24:10681-10688.
40. Database of Transcriptional Start sites   [http://dbtss.hgc.jp/]
41. JASPAR   [http://mordor.cgb.ki.se/cgi-bin/jaspar2005/jaspar_db.pl]
42. K-SPMM   [http://klab.med.wayne.edu/kspmm/]
43. NIH DAVID   [http://david.abcc.ncifcrf.gov/]
44. Transfac   [http://www.gene-regulation.com/pub/databases.html]
45. UCSC Genome Browser   [http://genome.ucsc.edu]
